We characterized the lymphocytes in the tarsal joint synovium of chickens inoculated with an arthrotropic strain of avian reovirus. Cryostat sections of whole joints taken from 2 days to 35 days postinoculation were analyzed using monoclonal antibodies directed against B lymphocytes, T lymphocytes, and chicken Ia antigen. Plasma cells were morphologically identified using stained sections of whole joints. Timedependent changes were found in the type and number of positively staining cells. Synoviocytes and cells with a dendritic morphology stained positive for Ia in normal joint sections. T cells, mostly CD8 positive, were present in low numbers in acute phase arthritis (2-6 days postinfection) in the perivascular and superficial regions of the synovium. Subacute arthritis (8-1 4 days postinfection) was characterized by increased numbers of CD4 and CD8 T cells in the perivascular and superficial regions. The perivascular T cells began to organize into aggregates, with IgM-positive B cells and plasma cells on the periphery of these aggregates. Some CD8positive cells were detected on the surface of the articular cartilage. Cells staining positively for Ia were not lymphocytes. Chronic arthritis (> 14 days postinfection) was characterized by large numbers of T cells in the perivascular and superficial regions, with the CD4-positive T cells found primarly in the lymphoid aggregates of the perivascular regions. IgM-positive B cells were fewer, but more plasma cells, few of which stained positive for IgM, were present. Lymphocytes in chronic arthritis stained positively for Ia. These data suggest that the types, numbers, and activation level of lymphocytes present in the tarsal joints are similar but not identical to those seen in rheumatoid arthritis.
Avian reoviruses are ubiquitous in poultry and are isolated frequently from the gastrointestinal and respiratory tracts of chickens with acute or inapparent infections.22 A commonly recognized lesion following reovirus infection is viral arthritis (VA).22 Experimental footpad inoculation of chickens with reovirus resulted in bilateral, chronic polyarthritis that primarly affected the tarsal joints. The temporal development of these tarsal joint lesions was d0c~mented.I~ By 6 days postinoculation, there was an infiltration of heterophils and hypertrophy and hyperplasia of the synoviocytes. Heterophils were found in large numbers in the synovial fluid. By 10 days postinoculation, there were numerous macrophages and lymphocytes. As the inflammation became chronic, synovial membranes developed villous processes, and the infiltrating lymphocytes and macrophages aggregated to form nodules. Numerous plasma cells were present in the synovium. Erosions of the articular cartilage of the distal tibiotarsus were seen by 4 weeks postinoculation. These erosions were eventually filled by granulation tissue pannus by 9 weeks postinoculation. The role of lymphocytes in VA lesion development is largely un-known; however, the production of antibodies that recognize homologous type I1 collagen and nuclear antigen indicates a possible role for B lymphocytes. 12 The sequence of development of lesions in VA closely resembles that in rheumatoid arthritis (RA). Rheumatoid arthritis is characterized by synovium densely infiltrated with lymphocytes, plasma cells, and macrophages that often form nodular aggregate^.^ In the majority of studies, the most prevalent cells in rheumatoid synovium were helper/inducer T cells (CD4 +). 11~16,20,29 Fewer cytotoxic/suppressor T cells (CD8 +), B cells, and plasma cells were found in rheumatoid synovium.11J6s20,29 In addition, the synovium contained large numbers of cells expressing class I1 major histocompatibility complex (MHC), indicative of the presence of antigen presenting cells and activated T cells, as well as the local secretion of interferon gamma. Both T and B lymphocytes appear to play critical roles in the development and maintenance of chronic ~ynovitis.~ The event(s) required to initiate the development of arthritic lesions in RA is not known9 There is considerable speculation and circumstantial evidence to sup-port the causal role of viruses in RA.3,21,25,26,30.33 Of the current mammalian models of RA, few utilize viruses, and those that do utilize r e t r o v i r u~e s .~~~~~~~~~~ These retroviral models may be more appropriate for studying human arthritis, which may be caused by infection with the retroviruses human T cell leukemia and human immunodeficiency virus.3 The animal retrovirus models are similar to the human diseases in that the viruses have prolonged latent periods and induce long-term detrimental effects on the immune system, as well as inducing a r t h~i t i s .~,~,~~,~~ Other viruses associated with RA cause a transient downregulation of the immune ~y s t e m .~~~~~~~~ Reoviruses also cause a transient depression of the immune response (Pertile et al., unpublished data), which may play a role in the development of joint lesions.
The similarity in progression of lesions in RA and VA indicates that the two diseases may have similar pathogeneses. Until recently, the reagents required to identify and study lymphocytes in chickens were not available. This study utilized monoclonal antibodies to chicken lymphocyte surface antigen^^,^^^ and immunohistochemical staining to obtain a more detailed picture ofthe cellular infiltrates during the various stages of VA in chickens. The objective of this study was to document and quantitate the lymphocyte subpopulations that infiltrate the tarsal joint of chickens inoculated with avian reovirus and to compare these subpopulations with those reported in RA.
Materials and Methods

Virus
A 52nd egg passage of avian reovirus strain S1133 (supplied by Dr. L. van der Heide, University of Connecticut, Storrs, CT) was plaque purified and grown on primary chick embryo liver cell cultures. The stock virus was titrated on the chorioallantoic membrane of 9-1 0-day-old specificpathogen-free embryonating chicken eggs to determine the 50% embryo lethal dose (ELD,,) per Milliliter. The number of dead embryos was determined after 6 days of incubation.
Experimental groups
One-day-old specific-pathogen-free chickens (Hyvac, Gowrie, IA) were housed in Horsfall-Bauer-type isolation units with slated floors supplied with biologically filtered air. The isolator temperature was maintained at 35-37 C throughout the study. Feed and water were provided ad libitum. At 1 week of age, the chickens were randomly separated into two groups. Group l received 10 ELD,, of stock reovirus in 0.1 ml RPMI 1640 (Sigma Chemical Co., St. Louis, MO) in the right foot pad. Group 2 received 0.1 ml of RPMI 1640 in the right foot pad and served as a diluent control. At 2,4,6, 8, 10, 14,2 1, and 35 days postinoculation blood samples were collected from five birds from the infected group and two birds from the control group, which were then euthanatized by CO, inhalation. The right tarsal joints and spleens were collected from each chicken.
Serology
The serum samples were tested for anti-reovirus antibody using a commercially available enzyme-linked immunosorbent assay (ELISA) kit (Kirkegaard & Perry, Gathesburg, MD). Serum samples from reovirus-infected chickens were compared with those from age-matched controls. Statistical significance was determined using Student's t-test. A P value <0.05 was considered statistically significant.
Tissue preparation
Each right tarsal joint was cut sagittally. One portion of each right tarsal joint was fixed in 10% neutral buffered formalin for 3-5 days, demineralized in a saturated solution of ethylenediaminetetraacetic acid disodium salt (EDTA) for 2 weeks, embedded in paraffin, sectioned at 4 pm, and stained with hematoxylin and eosin (HE). The other portion of each right tarsal joint was demineralized utilizing a procedure designed to preserve lymphoid cell surface antigens.13 Joint sections were immersed in a solution of 3.25% polyvinylpyrrolidone (molecular weight[MW] = lO,OOO), 3.25% polyvinylpyrrolidone (MW = 40,000), and 10% EDTA in 0. l M Tris buffer (pH 6.95) (all from Sigma) for 2 weeks at 4 C.
The sections were embedded in OCT compound (Lab-Tek, Ames, IA) and snap frozen over liquid nitrogen. Sections of spleen were either directly snap frozen or immersed in the demineralization solution for 2 weeks, embedded in OCT, and then snap frozen. The snap frozen tissues were stored at -70 C prior to sectioning. Snap frozen tissues were sectioned at 6-8 pm on a cryostat (International Equipment Co., Needham Heights, MA) at -20 C and were then placed on chromalum-coated slides. The tissue sections were air dried and stored at -20 C until they were used for immunohistochemistry.
Monoclonal antibodies and immunohistochemistry
Tissue culture supernatants containing monoclonal antibodies CIa-1, CT4, and CT8 (provided by Dr. c. Chen, University of Alabama, Birmingham, AL) and anti-IgM (a-IgM; provided by Dr. s. Naqi, Cornell University, Ithaca, N Y ) were used. CIa-1 recognizes nonpolymorphic determinants of the B-L antigen, a chicken class I1 MHC antigen.' CT4 and CT8 recognize the avian homologues of mammalian CD4 and CD8 antigens, re~pectively.~ CT4 recognizes T helpedinducer lymphocytes and CT8 recognizes T cytotoxic/suppressor lymphocytes. Anti-IgM recognizes surface IgM on B lymphocytes and stains >90% and >80% of all B lymphocytes in the peripheral blood and spleen, respectively, of adult chickens.5
Snap-frozen sections of right tarsal joint and spleen were stained by the avidin-biotin peroxidase complex (ABC) method as previously described., The sections were fixed in acetone at 4 C for 10 minutes, followed by incubation with normal horse serum for 20 minutes to block nonspecific binding. The slides were incubated with primary monoclonal antibody for 2 hours at room temperature, followed by incubation with biotinylated horse anti-mouse antiserum. An irrelevant primary monoclonal antibody was used as a negative control on some tissue sections. Endogenous peroxidase activity was quenched by treating the slides with 3% hydrogen peroxide in methanol for 10 minutes. The colorimetric reaction was achieved by incubating with avididbiotinylated horseradish peroxidase (Vector Laboratories, Burlingame, CA) for 35 minutes, followed by staining with the peroxide substrate, 7% aminoethylcarbazole (Polysciences, Wanington, PA)/N,N-dimethylformamide (Sigma) and 3% hydrogen peroxide in 0.1 M acetate buffer (pH 5.2) for 5-1 5 minutes.
The slides were counterstained with Mayer's hematoxylin for 5 minutes.
Sections were evaluated with a light microscope to score positive cells. Spleens served as positive controls for lymphocyte staining. Evaluation of cell populations by morphology or monoclonal antibody-positive staining in the tarsal joint was done using the following semiquantitative scor- Positive cells were scored in the following distinct locations of the synovium: perivascular = around synovial blood vessels; superficial layers of the synovium = in close association with the synovial lining; diffuse = in the fibrous synovium; articular cartilage = on the surface of the articular cartilage. Direct comparison with corresponding age-matched controls and samples obtained from birds of other age groups was used to document the changes in the types, numbers, and locations of cells as the disease progressed from the acute to the chronic phase.
Results
Serology
Sera collected from chickens inoculated with reovirus exhibited a time-dependent increase in anti-reovirus antibody titers ( Fig. l) , which verified infection of the birds by a reovirus. Levels of antibody considered to be positive by the ELISA kit parameters were first detected in reovirus-inoculated chickens on day 8 postinoculation. The antibody titer increased linearly from day 14 to day 35 postinoculation. Positive antireovirus antibody titers were not detected in the serum from control chickens at any time during the study.
All chickens were negative for Mycoplasma synoviae.
Spleen and tarsal joint synovium of control animals Spleen sections stained positive with CT4, CT8, a-IgM, and CIa-1 but not with nonspecific antibody. Directly snap-frozen spleens and spleens that were demineralized before snap freezing displayed identical staining patterns, which indicated that the demineralization procedure did not adversely affect the detection of lymphocyte surface antigens or result in nonspecific staining. The superficial layers of the synovium contained 1 1-150 Ia-positive cellshield (Fig. 2) . The Ia-positive cells were typically found in or immediately below the synovial lining. Two distinct phenotypes of cells stained positively with CIa-1. One group consisted of round cells that were part of the synovial lining. The second group consisted of cells, which were either in or subjacent to the synovial lining, that had both surface Fig. 2 . Normal tarsal joint synovium; chicken. Cells staining with CIa-1 displayed the morphologic characteristics of dendritic cells and synoviocytes (arrows). Snap-frozen, OCT-embedded sections, ABC method, Mayer's hematoxylin counterstain. Bar = 50 wm. staining and cytoplasmic staining. These cells had large nuclei and significant cytoplasmic extensions and had the features of tissue dendritic cells. In addition, a few cells on the surface of the articular cartilage stained positively with CIa-1. These cells appeared to be synoviocytes at the points of insertion of ligaments. Tarsal joints from control birds did not stain positively with CT4, CT8, or a-IgM at any sampling time. In addition, plasma cells were not present.
Tarsal joint synovium in acute VA (days 2-6 postinoculation)
The results of synovial analysis of tarsal joints obtained from virus-exposed birds are summarized in Table 1 . The initial lesions were noted on day 4 postinoculation. At this time, there was synovial hypertrophy and hyperplasia. Heterophils were seen in the vasculature and in the penvascular regions in low numbers. Cells staining positively with CT8 were primarly restricted to small accumulations (+ +) in the penvascular regions and occassional cells (+) seen in other regions of the synovium and on the surface of the articular cartilage. By day 6 postinoculation, small accumulations (+ +) of CT8-positive cells were seen uniformly throughout the synovium and on the surface of the articular cartilage.
Cells that stained positively with CT4 were present (+ +) in the perivascular regions, which were numerous because of neovascularization. Cells that stained positively with CIa-1 were found in the superficial regions of the synovium, but unlike sections from control animals, cells with numerous cytoplasmic vesicles and abundant cytoplasm (consistent with a macrophagelike morphology) and occassional vascular endothelial cells, synoviocytes, and dendritlike cells showed positive staining (+ +). No IgM-positive cells or plasma cells were found in the inflamed synovium during the acute phase of infection.
Tarsal joint synovium in subacute VA (days 8-14 postinoculation)
The subacute phase of VA was characterized by extensive infiltrates of lymphocytes and an increase in CIa-1 -positive cells. Cells staining positively with CT8 accumulated in the perivascular (+ + + +) and superficial (+ + +) regions of the synovium (Fig. 3a) . Fewer CTS-positive cells (+ +) were seen in the fibrous synovium and on the surface of the articular cartilage. The CTS-positive cells on the articular cartilage were typically seen as small groups of cells in areas where synovial villi were in close proximity to the cartilage surface. The majority of the CT4-positive cells were found in the perivascular regions (Fig. 3b) , and by day 14 postinoculation, the CT4-and CT8-positive cells began to form small but recognizable lymphoid nodules in the perivascular regions. The numbers of a-IgMpositive B cells also increased in subacute arthritis. B cells were present in the superficial (+ +) and perivascular (+ + +) regions. Typically, these cells were found in association with T cells and in particular on the outer edges of the forming lymphoid nodules. Plasma cells were widely scattered (+) in the perivascular and superficial regions. CIa-1 -positive cells were present in all areas of the synovium. Increased numbers of CIa-1 -positive cells in the superficial region corresponded to increased numbers of CT8-positive cells and in-Vet Pathol 33: 3, 1996 creased synoviocyte hyperplasia in that region. CIa-1positive cells in the penvascular and superficial regions were associated with lymphocytes, but few cells with lymphocyte morphology stained positive for CIa-1. The morphology of the CIa-1 -positive cells was consistent with that seen in the acute stage of VA: cells resembling dendritic cells, macrophages, synoviocytes, and endothelial cells. 7) . Positively staining cells had the morphologic appearance of lymphocytes, macrophages, dendritic cells, fibroblasts, synoviocytes, and vascular endothelial cells. Plasma cells and adipocytes did not stain positively for CIa-1.
Discussion
Our results indicate that T lymphocytes and plasma cells are the predominant inflammatory cell types found in the synovium following inoculation with reovirus. Cytotoxic/suppressor (CD8) T lymphocytes were present in increased numbers relative to all other lymphocyte subsets during the acute and subacute phases of arthritis. During the chronic stages of arthritis, CD4 and CD8 T lymphocytes were present in approximately equal numbers. Cytotoxic T lymphocytes were also seen in low numbers on the surface of the articular cartilage. The presence of cells expressing CD8 may be indicative of T cytotoxic cells killing reovirus-infected target cells in the tarsal joint. Further studies are required to delineate the function and targets of CD8 T cells in the joint following reovirus infection.
This semiquantitative evaluation yielded data that can be compared with those of similar studies performed on the rheumatoid synovium. Most of these reports indicated that CD4 T lymphocytes were the predominant synovial lymphocyte in RA,L6,L8,20,29 but the ratio of CD4 : CD8 cells is decreased relative to that of peripheral blood.I8 Other studies showed that CD8 T lymphocytes were more numerous in the RA synovium.8 There are several possible explanations for these discrepent findings. First, RA is a multifactorial disease, and the causal agent(s) may determine the types of immune cells that infiltrate the diseased synovium.
In rodent models of RA that do not utilize viruses, CD4 T cells were the predominant lymphocyte in the synovium. 1 , 3 L In retrovirus-induced arthropathies in sheep and rhesus monkeys, CD8 T cells predominate d . l~*~ Because CD8 T lymphocytes lyse virus-infected target cells,33 these cells may be critical to the development of arthritic lesions induced by viral infections. Killing of virus-infected cells could directly cause tissue damage or expose previously sequestered joint autoantigens to immune surveillance, which could lead to autoimmune arthritis. In addition, the time after initiation of the disease may play a crucial role in determining the number and types of cells observed in tissue sections. The populations of lymphocytes seen during long-term arthritis may be quite different from those seen in the initial stages of the disease. Cytotoxic T cells may be present early to clear the virus, but in chronic established arthritis, cytotoxic T cells may be present in reduced numbers because of viral clearance in the early stages of the disease. In studies of patients with RA, those that were in an active disease state had decreased CD4 : CD8 ratios of synovial T cells relative to patients with quiescent arthriti~.'~ To characterize B lymphocyte infiltrates, we chose IgM as the B cell marker because in the chicken > 90% of peripheral blood and > 80% of splenic B cells express IgM on their su~face.~ B lymphocytes that stained positively with a-IgM were present during the subacute (+ + +) and chronic (+ +) phases. These B lymphocytes were associated with the lymphoid nodules. It can be argued that the reduced detection of IgM positive cells was due to isotype switching at the site of inflammation. In support of this hypothesis, the reduction of detectable IgM-positive lymphocytes correlated with increased numbers of detectable plasma cells. Plasma cells lack substantial quantities of surface immunoglobulin, but immunohistochemical staining can detect cytoplasmic immunoglobulin. Most of the plasma cells in the inflamed synovium were negative for cytoplasmic IgM, indicating a probable isotype switch. These data indicate that B lymphocytes migrated to the synovium and were induced to differentiate into plasma cells that secrete antibodies other than IgM. These plasma cells may be responsible for the secretion of the autoantibodies that can be detected following inoculation with reovirus.I2
Of the monoclonal antibodies used in this study, only CIa-1 stained the normal synovium. The positive cells appeared to be synoviocytes and dendritic cells. These data were similar those for normal human syno v i~m .~,~ The presence of potential antigen-presenting cells in the normal joint may predispose the joint to autoimmune diseases. Following inoculation with reovirus, the number of Ia-positive cells increased steadily. In the acute phase, the positive cells were morphologically similar to those seen in normal joints and to macrophages. As the arthritis became chronic, cells of different phenotypes also stained positively. The additional cells that stained positively with CIa-1 phenotypically appeared to be lymphocytes, fibroblasts, macrophages, and vascular endothelial cells. These cell types also were positive for Ia in RA patients.17J8 The increased expression of Ia in both immune and nonimmune cell populations in chronic arthritis is indicative of T cell activation. Activated T cells express Ia antigens18 and secrete interferon gamma, which in mammals induces the expression of Ia antigens on the surface of B cells,'O endothelial cells,6 fibroblasts,6 and macrophages.2s
In conclusion, the pattern of lymphocyte infiltration in VA is similar to that of RA, but the relative numbers of CD8 T cells and plasma cells is greater in VA than in RA synovium. This difference could be due to the causal agent of arthritis, the sampling time after induction of the disease, or differences between chickens and mammals. In addition, the pattern of Ia staining for VA and RA is also similar, which indicates that an active inflammatory response is characteristic of both diseases.
